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INTRODUCTION
One of the privileges and responsibilities accorded to Specialty Chief Editors in the Frontiers
journals, at the commencement of new specialty sections, is to provide an overview of potential
research directions for the specialization in the form of a challenge statement. There is, however, a
tight restriction on this prerogative: specifically, a limit of 2000 words. For the very practical and
urgent discipline of conservation, this poses a challenge in itself. Should one focus on what is most
significant, most urgent, or most innovative? As a compromise, this contribution follows a two-part
approach.
The first part provides a brief review of the global context for conservation, a reminder of
the human social context in which conservation operates. The second part attempts to identify
some priorities in the various research disciplines that contribute to conservation knowledge. Most
researchers have specialist expertise. A list of priorities in, say, economics is of little use to a
geneticist, or vice versa. Indeed, even within any one discipline—taxonomy, say—most individual
researchers amass expertise only for particular taxa. There is little cross-over between bird, frog,
insect, and fish taxonomy. However, students entering any research discipline still have that choice.
Perhaps this outline may influence how they make it.
CONSERVATION CONTEXT
The grand challenge for conservation of biodiversity is simple to state, but complex to solve.
The Earth supports over seven billion people, with increasing human population, resource
consumption, and environmental footprint. Many other species are up to nine orders of magnitude
fewer in number, threatened by habitat degradation, hunting and harvesting, pathogens and
pollution. There are no longer any safe havens for any species, anywhere. Conservation of biological
diversity is thus simultaneously important, urgent, insufficient, underfunded, controversial, and
politicized (Butchart et al., 2010; Hoffmann et al., 2010; Pereira et al., 2010; Barnosky et al., 2011,
2012; Saterberg et al., 2013; Waldron et al., 2013; Pimm et al., 2014; Ripple et al., 2014; Tittensor
et al., 2014; Woinarski et al., 2015).
Reducing human impacts on biodiversity is technically possible. Individual humans have finite
lifespans, and can choose fewer children and lower consumption. Evolution, however, has produced
pressures to amass wealth and produce offspring. The probability of billions of people jointly
making independent choices contrary to these pressures is small. In practice, few nations have
achieved zero or negative population growth, or deliberate reduction in resource consumption or
even GDP. Therefore, the only practical option available for conservation, at least by deliberate
human choice, is to construct social machines using politics, laws, finance and communications.
Many social machines already exist: armies, industries, governments, health and welfare systems,
religions, universities. Some are weak, others powerful. At present, conservation is a weak social
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machine. Powerful political and commercial organizations
oppose it openly and directly, and billions of individuals
oppose it unknowingly and indirectly, simply through modern
consumerist lifestyles.
One major challenge in analysing conservation, therefore,
is to recognize that it involves a political contest, conservation
advocates against conservation opponents. Conservation
competes with many other more powerful and pressing
human demands. Of course, science and advocacy are very
different and distinct activities. Conservation researchers are
not necessarily conservation advocates, and if they are, their
advocacy is a different process from their research. In politically
controversial fields, however, including conservation, research
results are regularly used by advocates. Whether intentionally or
inadvertently, conservation researchers operate within a highly
contested political arena.
In addition, this contest has no fixed rules. Seeking more
resources for conservation, for example, yields larger-scale
consequences than reallocation of existing resources. The rules
of human social systems can indeed change markedly over
time. Historical examples include outlawing slavery, colonial
independence, and female suffrage. These changes were perceived
politically as public goods. There is thus no fundamental social
reason why conservation cannot become recognized as a global
priority. To do so, however, its advocates must overcome its
opponents, in the same way that advocates for global action
against climate change must overcome those who deny it. This
is indeed a grand challenge.
And in the same way that climate scientists are embroiled in
political contests over climate change, conservation scientists are
entangled in political contests between conservation advocates
and opponents.
RESEARCH CHALLENGES
Practical conservation is a social-ecological system involving
government agencies, private enterprises, community
organizations, and non-government organizations, as well
as species and ecosystems (Karanth and deFries, 2010; Perrings
et al., 2011; Balmford, 2012; McCarthy et al., 2012; Buckley and
Pegas, 2014; Ferraro and Hanauer, 2014; Hauser et al., 2014;
Pouzols et al., 2014; Schwitzer et al., 2014).
Immediate threats to conservation of biodiversity are well-
known. They include: loss and degradation of habitat, climate
change, chemical and biochemical pollution, logging and
poaching, invasive species, disease, loss of plant pollinators, and
many more. A number of new and additional concerns were
listed recently by Sutherland et al. (2015).
Public protected areas, albeit imperfect, are still the single
most effective conservation tool (Di Minin, 2013; Coetzee et al.,
2014; Le Saout et al., 2014; Pouzols et al., 2014; Pressey et al., 2014;
Sloan et al., 2014; Tranquilli et al., 2014). Approaches aiming
to connect public protected areas through other land tenures,
and provide resources through other stakeholders, can also
provide a valuable complement to publicly funded parks systems.
Conservation research priorities must therefore consider both
the establishment, expansion and management of public parks
systems, and the improvement of conservation management
outside these systems.
Conservation is cross-disciplinary, but most research is
discipline-based. Here, therefore, I propose research challenges
in various relevant fields. Research disciplines relevant to the
ecological components of conservation include taxonomy,
genetics, distributions, life histories, population ecology,
and interspecies interactions. Research relevant to the social
components includes human psychology and behavior, politics,
law and economics.
Taxonomic research is increasingly urgent, as more and
more species become extinct before they have even been
described (Costello et al., 2013; Tedesco et al., 2014). What
species are yet to be discovered in regions of the world that
are difficult for scientists to reach, but nonetheless subject
to anthropogenic impacts? Examples include the deep oceans
(Armbrust and Palumbi, 2015), and forests in many parts of
the tropics and subtropics, where civil wars, illegal logging and
disease outbreaks restrict access and simultaneously damage
ecosystems.
Reductions in population sizes and ranges of threatened
species also generate losses in genetic diversity (Allendorf et al.,
2010; Padial et al., 2010; Segelbacher et al., 2010; Leﬄer et al.,
2012). Small and geographically isolated remnant populations
may contain greater genetic diversity than more extensive
populations elsewhere. For threatened species where individuals
migrate from source to sink areas, loss of genetic diversity in
source areas will also affect sink areas. Genetic variation between
sister species, subspecies and geographic variants is critical in
determining joint conservation strategies. The scarcity of data
on geographic patterns in genetic diversity for many threatened
species is of particular concern as some conservation analysts
adopt approaches based on triage.
Ecological interactions between species are constantly being
changed by anthropogenic impacts at local and global scales,
with potentially severe conservation consequences. This includes
both large-scale patterns such as geographic assemblages and
trophic webs, and finer-scale interactions involved in the
life cycles of individual species. Anthropogenically-modified
interspecies interactions have been analyzed in fields such as
recreation ecology, restoration ecology, and climate change
ecology (Burrows et al., 2014; Garcia et al., 2014), but less so for
conservation ecology more broadly.
Many species and ecosystems are threatened jointly by
large-scale impacts associated with human population growth,
industrialization, and pollution (Hallmann et al., 2014) and
local-scale impacts from development projects and land-use
changes (Brashares et al., 2014). One conservation response to
climate change is to increase resilience of protected areas and
threatened species, by reducing other anthropogenic impacts. In
practice, however, multiple impacts all increase simultaneously.
Most countries operate project-scale development impact
assessment systems (Morgan, 2012; Wathern, 2013; Smith,
2014), but these are rarely linked to policy and legislation
at national scale, or to intergovernmental agreements at
international scale (Fundingsland Tetlow and Hanusch,
2012).
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Conservation operates within a social context, and the social
contexts may differ greatly between places. Where parks and
conservation have local support, protecting them from damage
and degradation is much easier and more effective than where
they do not (Buckley and Pabla, 2012). This includes issues of
illegal access, harvesting and poaching, and applies in developed
as well as developing nations. Understanding and influencing
the attitudes of different communities and stakeholders toward
conservation is therefore a key component of conservation
efforts.
The effectiveness of either public or private conservation
reserves depends on broader-scale political and social
stability, cultural acceptability, and the rule of law and
order without corruption or violence. Many policy
instruments have been trialed to improve conservation
on various different land tenures. Examples include
easements, incentives, offset, and buyback programs,
ecosystems services payments (Wunder, 2014; Cavender-
Bares et al., 2015), and business approaches such as
bio-prospecting and ecotourism. One research challenge is
to evaluate which mechanisms are most effective under what
circumstances.
Conservation needs funds: to acquire and manage reserves,
provide conservation incentives outside reserves, combat threats
and pressures on protected areas and individual species, and
support breeding and translocation programmes (Balmford
et al., 2002; McCarthy et al., 2012). Governments underfund
conservation because its political benefits are diffuse, delayed,
and undervalued. Public parks charge visitor fees, typically
a tenth of total revenue in developed nations, but up to
four fifths in some developing nations. Many private and
communal conservancies are funded through commercial
tourism, but opportunities differ between sites and can
change suddenly. The same applies for sale of ecosystem
services such as water supply or carbon sequestration. Some
parks sell sponsorships, branding rights and merchandise.
All of these approaches merit research on applicable
circumstances, social support, effective design and future
potential.
CONCLUSIONS
Covering taxonomy, genetics, ecological interaction, impact
assessment, social behavior, policy, and finance, the research
priorities presented above no doubt reflect my own personal
experiences. These include: commercial industry and
government advisory bodies as well as academia; practice
as well as research; and exposure to politics, law, economics, and
social structures, as well as biology and ecology, in different parts
of the world. It is a broad canvas at best, and I look forward to
detailed blueprints from Editors and contributors.
Of all the multitudinous impacts of humankind on the rest
of the planet, perhaps three are most severe and most difficult
to reverse: species extinctions, large-scale ocean pollution, and
climate change. Of these three, pollution and climate change are
perhaps still within the range where natural recovery might be
possible if continuing human impacts were halted, even though
any such halt is highly improbable under continuing human
population growth. Species extinctions, however, do not reverse
themselves. Even though humans may perhaps, with great effort
and investment, be able to reconstitute particular individual
species from preserved remnant materials, this is not a realistic
option for most extinctions.
Conservation of biological diversity, difficult and
disheartening though it may seem at times, should surely
be one of humankind’s highest priorities. We may not always
succeed, but everything we can achieve is important. My aim
here is to show that in every ecological research discipline,
there are research questions at all scales and levels which
can indeed contribute to the practical grand challenges of
conservation, as outlined in the first section of this contribution.
We hope and trust that the Conservation Specialty Section
of Frontiers in Ecology and Evolution will attract many such
publications!
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